Purpose: To compare the anatomical and functional results of primary rhegmatogenous retinal detachment in highly myopic phakic or pseudophakic eyes.
M yopia is a common ocular condition (0.7-3.3% of the general population in Europe and up to 24% in Southeast Asia), which increases the risk of retinal detachment (RD) with earlier occurrence and a more frequent risk of bilateralization (13-21%) . In addition to axial length greater or equal to 26 mm, the high myopic eye exhibits a thin and fragile sclera, choroidal hemodynamic changes, early and strong vitreous liquefaction followed by earlier posterior vitreous detachment and complex vitreous-retinal interface, 1,2 pathologic vitreoretinal attachments with higher peripheral retinal break occurrence, irregularity of the posterior border of the vitreous base, and weak retinal adhesion. 3, 4 The RD prevalence increases because of specific anatomical features associated with myopia. The risk can also be associated with pseudophakia (relative risk: 3.9-9) 5, 6 in the context of earlier cataracts in high myopic subjects 7 and clear lens refractive surgery. 8 Retinal detachment characteristics are strongly correlated with vitreous modifications, 9 and the proliferation vitreoretinal (PVR) risk is also greater than with emmetropic eye because of wider and more numerous breaks and the posterior vitreous cortex still adherent to the retina. 10 Retinal detachment severity in high myopic eyes is also linked to young age and numerous associated diseases (glaucoma, cataract) and is usually associated with increased intraoperative and postoperative ocular morbidity, 11, 12 including choroidal and retinal hemorrhages, choroidal detachment, retinal incarceration, anterior segment ischemia, and/or macular edema.
Whereas the literature reports retrospective studies on scleral buckling (SB) techniques (n = 48 phakic eyes) 13 and pars plana vitrectomy (PPV) (n = 52-111) in high myopic eyes, [14] [15] [16] the prospective studies were not focused on high myopic eyes, pseudophakic (16.4%, greater than −10 diopter) 17 or phakic (21.3%, greater than −6 diopter). 18 For this reason, we prospectively evaluated the reattachment rate and functional prognostic factors in 191 phakic or pseudophakic patients operated on for high myopia RD.
Materials and Methods
This prospective study, conducted between 2004 and 2007, included 191 patients (191 eyes) with rhegmatogenous RD. This study followed the Declaration of Helsinki guidelines for research involving human subjects and was approved by the local Institutional Review Board (#5891). All patients enrolled in this study provided signed informed consent before the intervention.
The inclusion criteria were rhegmatogenous RD, age over 18, and high myopia (axial length $ 26 mm). The exclusion criteria were history of vitreoretinal surgery, trauma, macular hole, diabetic retinopathy, and/or aphakia. Only one eye per patient was included in this study (the first eye affected by RD). Of the prospective cohort of 835 patients, 225 patients had high myopia and 191 patients were analyzed in this report after exclusion of 5 patients lost to follow-up, 6 patients with macular hole, 14 aphakic patients, 7 patients with a history of trauma, and 2 patients with a history of PPV. For all patients, the initial and follow-up (at 1 and 6 months) data were collected prospectively using a standardized file.
Each patient underwent a detailed preoperative examination including duration of symptoms, assessment of best-corrected visual acuity, measurement of intraocular pressure (IOP) by Goldmann applanation tonometry, and assessment of corneal and lens status. For analysis, the visual acuity was converted into a score logarithm of the minimum angle of resolution (logMAR). The presurgery and postsurgery fundus was examined using a three-mirror lens (Goldmann) and indirect ophthalmoscopy. The measurement of axial length was obtained by ultrasound (Cinescan; Quantel Medical, Clermont-Ferrand, France). The characteristics of the affected eye and the RD are listed in Table 1 . The PVR stage was defined according to the criteria of the Retina Society. 19 The breaks were considered inferior if they were strictly located between the 3-and 9-o'clock meridians.
Surgical Technique
All patients were operated under general anesthesia. The indication for surgery was selected by the surgeons according to the characteristics of the RD (break location, PVR, and vitreous changes), the lens status, and/or severity of myopia. Retinopexy was performed with cryotherapy (ERBOKRYO AE; Erbe, Bron, France) or endophotocoagulation laser (VIRI-DIS Twin; Quantel Medical). The SB, sutured by Mersuture 5/0 intrascleral passers, was performed in a circular (90-360°) or radial pattern depending on tear location, size, and/or associated PVR (FCI, ref.
S5.8150, and S5.2021, Paris, France). Subretinal fluid was drained using a Vicryl 7.0 spatula. In case of PPV with the 20-G transscleral system, the Accurus vitrectomy system (Alcon Laboratories, Rueil-Malmaison, France) was used with a cutting rate of 1,500/minute and a suction rate ranging between 120 and 400 mL/minute. A contact wide-angle viewing system combined with an image inverter (SDI Oculus IIe, Wetzlar, Germany) or a plane-concave lens (FCI, ref. S5.7010) was used for fundus visualization. All eyes underwent complete PPV with induction of the posterior vitreous detachment (after intravitreal injection of triamcinolone) if necessary, peripheral vitreous dissection under scleral depression, retinopexy (cryotherapy and/or endolaser) and then a fluid/gas exchange using 20% sulfur hexafluoride (SF6), 16% hexafluoroethane (C2F6), or silicone oil with drainage of subretinal fluid ( 
Postoperative Follow-up
All patients maintained postoperative head positioning defined by the break location for a duration ranging from 3 days to 14 days, depending on the type of gas used. Postoperatively, a standardized ocular examination was reported, at least on the first day and at 1 and 6 months. The definition of hypotony was IOP 5 mmHg or less. 20 Local treatment consisted of postoperative instillation of eye drops (rimexolone and atropine) for 1 month.
A final visit was considered in cases of recurrent RD to extend the follow-up beyond the normal 6 months after surgery and if necessary to allow silicone removal. The clinical data are listed Table 3 . All patients were assessed for a minimum postoperative follow-up of 6 months. Two subgroups of patients were identified: patients reaching anatomical success with a single surgery (data referring to the 6-month visit) and multioperated patients (final visit, Table 3 ). The preoperative and postoperative diseases interfering with the final visual acuity (amblyopia, cataract, glaucoma, and epiretinal membrane) were also recorded for all patients.
Statistical Analysis
The main factor evaluated was the single reattachment rate. The other factors evaluated were the visual acuity (logMAR) and the rate of intraoperative and postoperative complications. Quantitative data were expressed as mean ± standard deviation. The two groups were compared using the t-test for quantitative values and chi-square analysis for qualitative data. The logistic regression model (backward stepping procedure) was used to determine which variables were independent clinical factors predicting the functional prognosis (visual acuity $ 20/40). Multivariate logistic regression analyses were performed using the clinical factors that were statistically significant in the 
Results

Preoperative Data
This prospective study included a population of 191 eyes with high myopia, characterized by a male predominance (sex ratio, 1.35), phakic eyes (79%), retinal tears (88%), and rare initial severe PVR (Table1). The phakic and pseudophakic groups were similar for sex ratio, visual acuity, initial axial length, ocular symptoms, type of retinal breaks, macular detachment, presence of intravitreal hemorrhage, and incidence of PVR grade B. The pseudophakic group differed from the phakic group in its older age (60.8 ± 10.4 vs. 49.9 ± 12.3 years, P , 0.001), smaller dilated pupil (8.0 ± 1.5 vs. 8.5 ± 1.2 mm, P = 0.02) and a lower number of preoperatively viewed tears (1.5 ± 1.6 vs. 2.2 ± 2.2, P = 0.06). In the pseudophakic eyes, there was a trend toward a more extensive RD (191.2 ± 77°vs. 167.6 ± 79°, P = 0.09). Analysis by age showed that atrophic holes occurred more frequently at an early age (47.3 ± 15.2 vs. 53.3 ± 11.8 years for tears, P = 0.01) and paravascular tears (n = 9) occurred at an older age (62.6 ± 13.6 vs. 51.7 ± 12.5 years, P = 0.01). In pseudophakic eyes, 25% had peripheral secondary capsular opacification and 7.5% total opacification of the posterior capsule. The cataract surgery was complicated by capsular rupture in 10% of cases; and 30% of the patients had previously received Nd:YAG laser capsulotomy. The time between the Nd:YAG laser capsulotomy and onset of RD was 43.7 ± 31.7 months (range, 3.4-92.4 months). The average time between RD and cataract surgery was 45.7 ± 7.8 months [range, 1.7-141.1 months].
Intraoperative Data
The phakic and pseudophakic groups were similar for surgery duration, number of intraoperatively detected breaks, retinopexy type (98% using cryotherapy and 8% using laser endophotocoagulation), internal tamponade type (gas or silicone), and intraoperative complication rate (7.3%) ( Table 2 ). In phakic patients, the complications noted were scleral perforating points (n = 4), choroidal detachment (n = 2), retinal incarceration (n = 1), subretinal hemorrhage (n = 2), and preretinal hemorrhage (n = 1). In pseudophakic patients, complications consisted of retinal hemorrhage (n = 1) and scleral ectasia (n = 1) and luxation of the intraocular lens (n = 1 needing explantation).
The pseudophakic group differed from the phakic group in the more frequent use of PPV (80% vs. 28.5%, P , 0.001) and internal gas tamponade (92.5% vs. 80.1%, P = 0.04). Transscleral drainage of subretinal fluid was significantly less common in pseudophakic (2.5%) than in phakic eyes (33.1%, P , 0.001). Combined cataract and RD surgery was performed in 4.6% of phakic patients (7/151).
Postoperative Data
In the immediate postoperative period, the pseudophakic group differed in terms of a higher IOP, with 43% of pseudophakic eyes with IOP greater than 21 mmHg (vs. 28% for phakic eyes, P = 0.05) ( Table 3) . One month after surgery, both groups were comparable for the retinal reattachment rate (93%), IOP, occurrence of vitreous hemorrhage or choroidal detachment, epiretinal membrane, or macular hole occurrence. The rate of single retinal reattachment at 6 months was significantly higher in the group of pseudophakic patients (92.5% vs. 80.7%, P = 0.05). This rate was not associated with the surgical technique (PPV or SB, P = 0.3).
For patients with a single RD surgery (Table 3) , the data from 159 eyes (159 patients) at the 6-month visit were considered. Patient groups were similar for visual recovery, IOP, and epiretinal membrane frequency. Visual acuity was greater than or equal to 20/40 in 54% of cases and greater than or equal to 20/125 in 75% of cases.
In the phakic group, 3 patients underwent phacoemulsification at the time of the first RD surgery and 4 at the time of the second RD surgery (n = 7) and 3 patients (who received PPV initially) were operated for cataract before the 6-month visit. At this time, six patients who were initially phakic became pseudophakic and eight patients had a cataract that significantly reduced visual acuity (five patients operated on by PPV and three patients who had undergone the SB technique).
Postoperatively, 14 patients developed an epiretinal membrane, for which 3 eyes (2 phakic and 1 pseudophakic) were operated on before the 6-month visit. At 6 months, associated ocular diseases that potentially reduce visual acuity were noted in both groups (phakic, 9.2%; pseudophakic, 10%), including 9 cases of amblyopia (n = 8 phakic eyes vs. n = 1 pseudophakic eye), 3 corneal dystrophies among phakic patients, 2 cases of advanced glaucoma in the pseudophakic group, and 4 cases of atrophic aged-macular degeneration (n = 3 phakic eyes and n = 1 pseudophakic eye). In the group of 32 patients with RD recurrence, 2 patients refused further surgery (1 patient in each group). The total number of redetachments was greater in the pseudophakic group (2 ± 1 vs. 1.28 ± 0.5, P = 0.04): 21 patients developed 1 recurrence, 7 patients 2 recurrences and 2 patients 3 relapses. The 2 groups were similar for IOP, the final retinal reattachment rate (90%), and visual recovery (43.8% had visual acuity $ 20/40). The cause of failure in the first surgery was associated with new unseen breaks in 53.3% of these cases (10% incidence in the phakic group, 5% in the pseudophakic group) and PVR Grade C in 26% (5% of phakic eyes) or association of PVR with new breaks in 10% (2% of phakic eyes). There were two cases of poorly positioned SB in phakic eyes. The surgical technique used for recurrence treatment consisted of PPV (n = 17), SB procedure (n = 13), or gas injection (n = 2).
Finally, the retina remained detached in three phakic patients. For four patients with a flat retina, the silicone tamponade was not removed (two pseudophakic and two phakic eyes). Finally, these 7 patients (3.6%) were considered in the group with a surgical failure (defined as absence of flat retina without tamponade).
Factors for Functional Success
Final visual acuity (visual acuity $ 20/40, Table 4 ) was associated with initial visual acuity, macular status and duration of RD, axial length, retinal break type (paravascular posterior tears and giant tears), and type of surgery (PPV). Among these previous factors, the significant prognostic clinical factors associated with PPV were initial detachment of macula (72% in the PPV group vs. 43% in the SB group, P = 0.02), duration of visual loss (13.4 ± 32.2 days in the PPV group vs. 4.1 ± 5.8, P = 0.01 in the SB group), and initial visual acuity (P , 0.001).
Taking account of these variables, multiple logistic regression analysis showed that 4 independent variables were significantly predictive of final good visual acuity: initial visual acuity (,20/400, odds ratio = 0.19; 95% confidence interval, 0.07-0.51, P = 0.002), axial length (odds ratio = 0.57; 95% confidence interval, 0.44-0.75, P , 0.001) and PPV (odds ratio = 0.33; 95% confidence interval, 0.15-0.71, P = 0.004). This means that good final vision probability is decreased by poor initial visual acuity, higher axial length, and PPV.
Discussion
This prospective study shows that RD surgery in high myopia provides a 96% final reattachment rate, with favorable functional outcome (visual acuity $ 20/40) in 54% of the patients reattached after 1 surgery or 44% of eyes after multiple surgeries. The characteristics of RD were similar in phakic and pseudophakic groups. However, pseudophakic patients differed from phakic patients, in that they were older, had a reduced pupillary dilation, more frequent use of PPV, and a more frequent single retinal reattachment rate. The good visual prognosis was negatively associated with the presence and duration of macular detachment and the axial length.
Our prospective study included a consecutive series of myopic patients undergoing first-intention surgery for RD, included from a large prospective cohort (n = 835). 21 The selection bias was limited because few patients were lost to follow-up (5/225). Therefore, the proportion of patients with high myopia (28.6%) and pseudophakic (20.9%) patients is representative of the recruitment of 2 tertiary vitreoretinal surgery centers. The frequency of high myopia in the literature varies from 7% to 20%. 18, [22] [23] [24] The incidence of pseudophakia in our study is close to the recently reported incidence in a prospective cohort of RD in Scotland (25%), whatever the refractive error. 24 The originality of this study was the analysis of myopic eyes according to the lens status. Most published studies of high myopia RD include only phakic eyes. 13, 15 At the time of diagnosis, pseudophakic patients (60 years old on average) are older than phakic patients (50 years). This age difference between the 2 groups can mainly be explained by the age at the time of cataract surgery (56.4 years; the time between RD and cataract surgery averaged 3.8 years). It is noteworthy that none of the patients included in the study benefitted from clear lens surgery. 25 The phakic patients in this series were older than those in the previously published series (from 33 years to 46 years). 13, 15, 25, 26 Pseudophakic patients also exhibited reduced intraoperative pupillary dilation, as has already been noted, 27 which may explain the poorer preoperative visualization of retinal breaks.
Another interesting finding from this study was that RD characteristics were similar in both groups of lens status, with the same type of breaks. Furthermore, a higher macular detachment rate was not found in the pseudophakic group, in contrast to what is described in an emmetropic population. [27] [28] [29] High myopia is usually associated with retinal tears (63% of myopic patients 30 ), retinal holes in the lattice degeneration area, most often in young subjects (80% ,40 years, 15% of RD in high myopia), 31 posterior paravascular retinal breaks (rare, 4 times less frequent than macular holes, 1.5% of all rhegmatogenous RD), 32 and giant retinal tears. 3 The responsibility of cataract surgery or Nd:YAG laser 27 was also identified, a period of less than 1 year for the RD onset favoring a causal relationship, 33 which was the case in 20% of the patients after capsulotomy and 27% after cataract surgery in our study. Pseudophakic RD is classically associated with small breaks near the ora serrata. 27 Both the timing of RD development after cataract surgery and the similarity of RD according to the lens status strongly suggest that high myopia was the main physiopathologic factor of RD in pseudophakic eyes.
For surgery, the increased use of PPV, already described in the pseudophakic population, was also noted in our population of high myopic pseudophakic eyes, given the reduced operating time, 34 better visualization of breaks, sometimes after posterior capsulotomy or removal of the vitreous hemorrhage, 34-36 the higher single retinal reattachment rate, 34, 35, 37 and the lack of axial length change. 34 The SPR study, 35 including 12.8% of high myopic eyes, 23 did not report specific results of this population. Another randomized study 38 showed no difference in anatomical results between SB surgery and PPV in high myopia pseudophakic eyes. In this study, in the phakic high myopic eyes, SB surgery was also the preferred surgery (71%) 15 ; PPV (29%) was mainly indicated for phakic patients with paravascular posterior tears (n = 6), giant tears (n = 11), PVR C (n = 2), vitreous hemorrhage (n = 18), and/or multiple tears in 3 quadrants and/or with a large size ($3 disk diameters or $180°, n = 52).
The intraoperative complication rate was similar in the phakic and pseudophakic population (7.3%), close to that found in the literature (4-8%). 13, 14, 39 Half of the complications encountered in phakic patients were related to SB (perforating points), subretinal hemorrhage secondary to subretinal drainage, 4 with a frequency similar to what has been previously reported (4-8%). 13, 14, 39 After PPV, complications were related to intraoperative choroidal detachment (n = 1), intraocular lens subluxation (n = 1), retinal incarceration into the sclerotomy (n = 1), and retinal hemorrhage (n = 1). Postoperatively, the bleeding complication rate (vitreous hemorrhage, choroidal hemorrhage) was low compared with published data in the high myopic eye (5-19%). 13, 14, 39 However, ocular hypertension was significantly more common in pseudophakic (43.6%) than in phakic eyes (27.8%). The early transient increase in IOP, reported in 17.9 to 48% of patients after PPV, [40] [41] [42] was probably related to complete internal gas tamponade. In the phakic eye, one of the major post-PPV complications is the onset or worsening of lens opacities (14.7%), the worsening or onset of cataract is variously assessed in the studies of high myopic eyes: 19.8% after PPV or 36.4% after SB. 16 Finally, for high myopic phakic or pseudophakic eyes, the intraoperative and postoperative complications rates do not seem higher compared with emmetropic eyes.
In terms of anatomical reattachment of the retina, RD surgery in high myopic eyes resulted in a high rate of single reattachment (80-92%), close to that described in the literature after SB surgery (75-82%) 13, 15, 16, 22 or PPV (75-94%). 15, 16 Our study, including a high number of pseudophakic patients compared with other studies (n = 26-41), 14, 43 demonstrates for the first time that the anatomical success rate of a single surgery is better in the pseudophakic group. These retinal reattachment rates were also similar to those reported in prospective studies in patients with nonmyopic pseudophakic eyes (62-97%). 18, 33, 34, 36, 38, 40 The causes of recurrence are mainly related to the occurrence of new tears and/or the existence of initially unseen tears, a proportion similar in the phakic and pseudophakic groups. Proliferation vitreoretinal remains a major cause of recurrence, occurring between 4 and 37% of cases, [35] [36] [37] [38] 40, 44, 45 with the same frequency in the randomized SPR study 35 after SB surgery or PPV in the phakic (12% vs. 16%, respectively) and pseudophakic (15% vs. 23%, respectively) groups. 35 Functionally, RD surgery gives satisfactory results, regardless of the lens status not only in the group of patients whose eyes were reattached with a single operation but also in the group of patients operated on several times, with a visual acuity $20/40 in 54% and 43%, respectively, which is comparable with the previous studies in high myopic (65% $ 20/40, 13 20/50 (Table 5) is comparable to or better than the gain reported in other PPV series. Independent clinical predictors of good visual recovery in patients with high myopia in our study were related to the initial visual acuity, reflecting the detachment of the macula 15 and/or the macular detachment duration, 28, [48] [49] [50] and the severity of high myopia (axial length). We showed that macular detachment and duration of visual loss were significantly associated with PPV. However, these possible confounding factors could not explain the entire relationship between PPV and a worse final visual prognosis because this surgical factor was independently identified as a prognostic factor. The role of surgical technique is difficult to identify in nonrandomized studies and such conclusions should be taken into caution.
This prospective study has several limitations due to its design (selection bias of the surgical technique). Other clinical factors not analyzed in this study (change of refraction, occurrence of cystoid macular edema, and/or subretinal fluid) should be further analyzed. Our results may not necessarily apply to patients who receive clear lens extraction. Indeed, the study reporting the largest series of RDs occurring after clear lens surgery (n = 41 with 80% of the eyes implanted) 43 suggested that, in comparison to the pseudophakic myopic eyes included in our series, these RDs seem to be associated more frequently with macular detachment (100% vs. 62.5% in our series), stage C PVR (41.4% vs. 0%), posterior tear (31.7% including 3 macular holes vs. 7.5%), and a shorter onset period after cataract surgery (2.25 years vs. 3.8 years). These characteristics partly explain the reserved functional prognosis reported in this previous study, 21.9% of eyes with a final visual acuity of 20/60 or better.
In conclusion, the results of this prospective study showed that baseline characteristics of primary rhegmatogenous RD in phakic and pseudophakic high myopic eyes are similar, in contrast to what is described in the emmetropic eye. 22, 27 This suggests that the main factor of RD in pseudophakic eyes is related to myopia itself. Our prospective study also showed that the retinal reattachment rate was greater in the pseudophakic patient. The functional outcome is also similar in both groups and is close to that reported in the literature for emmetropic patients. 22 Although the high myopic eye presents anatomical characteristics that could favor surgical morbidity, these recent prospective data showed that high myopic eyes exhibit a functional and anatomical prognosis close to that described in emmetropic eyes.
